Rising vehicles number and increased use of private cars have caused significant traffic congestion, noise and energy waste. Public transport cannot always be set up in the non-urban areas. Car pooling, which is based on the idea that sets of car owners having the same travel destination share their vehicles has emerged to be a viable possibility to reduce private car usage around the world. In this paper, we present a multi-agent based self-adaptive genetic algorithm to solve long-term car pooling problem. The system is a combination of multi-agent system and genetic paradigm, and guided by a hyper-heuristic dynamically adapted by a collective learning process. The aim of our research is to solve the long-term car pooling problem efficiently with limited exploration of the search space. The proposed algorithm is tested using large scale instance data sets. The computational results show that the proposed method is competitive with other known approaches for solving long-term car pooling problem.
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cannot be set up. Moreover, the needs for transport of people and goods are increasing both in time and space, which further stress the inadequacies of public transport systems.
Car pooling is a mobility service normally proposed and controlled by large organizations, such as large companies, public administrations and universities. They encourage their employees or students to pick up colleagues or classmates while driving to or from the organization in order to minimize the number of private cars travel on the road. Car pooling reduces travel costs by sharing journey expenses such as fuel, tolls, and car rental between the people travel. It is also seen as a more environmentally friendly and sustainable way to travel, as sharing journey reduces carbon emissions, traffic congestion and requirement for parking spaces. Successful car pooling development has tended to be associated mainly with densely populated areas such as city centers and more recently universities and other campuses.
Car pooling can be classified into two forms [15]: Daily Car Pooling Problem (DCPP) and Long-term Car Pooling Problem (LTCPP). For DCPP, on each day a number of users is available for picking up or taking back colleagues on that particular day. These users are considered as servers, the objective of the problem is to assign clients to servers and to identify the most cost saving routes to be driven by servers, subject to time window and car capacity constraints. In most cases, the DCPP can be considered as a special case of Dial-a-Ride Problem (DARP). For LTCPP, each user has to act as both a server and a client and the solution is to define user pools where each user will in turn, on different days, pick up the remaining pool members. The objective becomes to minimize the amount of vehicles used and the total distance traveled by all users when acting as servers, subject to car capacity and time window constraints. Considering the various successful implemented approaches for DARP and the similarity between DCPP and DARP, the DCPP can be solved simply by adapting the approaches from DARP [2] . But the LTCPP has so far received little attention from the optimization community. It has been proven that LTCPP is NP-Complete [11]; Moreover, the existing methods for LTCPP are not efficient enough for large scale instances. Thus a more efficient meta-heuristic is required in the application to solve real-world cases.
The objective of our work is to exploit the combination of multi-agent system (MAS) and genetic algorithm (GA), with the guidance of hyper-heuristic. We aim to solve the long-term car pooling problem efficiently and to obtain a good solution with limited exploration to search space. To achieve this goal, we present a multiagent based self-adaptive genetic algorithm (AGA) for the LTCPP, which merges the advantages of MAS, GA and hyper-heuristic. In AGA, the system is composed of several agents organized in a coalition. They concurrently process part of the population and cooperate to improve their search abilities. An operator set which includes several different operators with different levels of diversity and intensity is defined in the system. During each generation of the genetic process, each agent chooses one genetic operator pair from the operator set (each genetic operator pair includes one crossover operator and one mutation operator) to apply on its current population. A hyper-heuristic is built to help the agents to select the most appropriate operators in various situations, it uses a heuristic decision making process with unsupervised learning mechanisms to improve its guiding strategy. 
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